vent severe infections of the lesions. Conclusions: Given the potentially high rate of infectious complications, we advocate a very restrictive indication for diagnostic FNA in mediastinal masses. Yet, in unclear cases, FNA might be indispensable despite the potential adverse events in order to rule out hypoechogenic, mediastinal malignancy.
Introduction
Mediastinal duplication cysts are congenital and arise from an evolution aberration of the primitive foregut. Depending on their origin, esophageal duplication cysts emerge from the digestive tract, whereas bronchogenic cysts arise from the tracheobronchial tree [1] . Esophageal duplication cysts are either found intramurally or adherent to the outer esophagus wall. They display a double layer of surrounding smooth muscle and are lined with either squamous or enteric epithelium [2] . Bronchogenic duplication cysts on the other hand are either found intrapulmonary or along the tracheobronchial tree within the mediastinum. They contain layers of smooth muscle and cartilage and are lined with respiratory epithelium [3] . Whereas upper esophageal duplication cysts fre-
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Abstract
Background and Study Aims:
The role of cyst cytology to diagnose mediastinal duplication cysts remains controversial. Since endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) of duplication cysts has been considered as safe so far, there are only a few case reports of infections following FNA. Case Summary: We report a case series of all patients at our institution undergoing EUS evaluation for suspected mediastinal duplication cysts ( n = 5) in the last 15 years. The mediastinal lesion in 4 patients did not feature typical EUS features for duplication cysts, wherefore we did perform EUS-guided FNA in order to rule out malignancy. In 3 out of 4 patients, a duplication cyst was confirmed. The fourth lesion turned out to be a sarcoma. All 4 patients developed severe FNA-induced cyst infection causing mediastinitis and the need for surgical debridement. Despite an immediate review of the FNA by the on-site cytopathologist with establishing the diagnosis of a duplication cyst, periinterventional broad-spectrum antibiotics could not pre-quently provoke cough or stridor, cysts of the middle or lower esophagus can cause dysphagia or epigastric pain [4, 5] . According to Maier [1] , bronchogenic cysts may be divided into the following 5 groups: paratracheal, carinal, hilar, paraesophageal, and miscellaneous.
Duplication cysts are usually detected incidentally upon plain radiographic studies. On computed tomography (CT), the content attenuation of the sharply marginated lesions ranges from fluid to air to soft-tissue density. CT imaging is only diagnostic for a cyst in the first case. In the cases of air or soft-tissue density, magnetic resonance imaging (MRI) may help to further ascertain the cystic nature [6] . On endoscopic ultrasound (EUS), duplication cysts classically appear as anechoic, homogeneous masses with 3-5 layered walls on EUS. Ultimately, the multilayered wall must be seen in one of those imaging techniques for diagnosis insurance, since the cyst content varies considerably.
The diagnosis of mediastinal duplication cysts and even more their differentiation from other solid thoracic tumors is crucial. Upon first diagnosis, they are often misjudged for solid masses in conventional or cross-sectional radiographic imaging. The fairly high rate of misdiagnosis has been attributed to the mucoid content of duplication cysts. The viscous and proteinaceous content may mimic a solid mass with malignant potential due to its hypoechoic echo pattern [3] . The fairly high diagnostic uncertainty after CT and MRI may be improved through EUS. But since the appearance of benign mediastinal cysts varies in EUS, also the endosonographer often encounters difficulties to distinguish them from other hypoechoic, solid neoplasms such as gastrointestinal stromal tumors or leiomyomas. Therefore, EUS-guided fine needle aspiration (FNA) might be inevitable in some cases in order to sustain an accurate diagnosis.
To date, it is controversial whether or not cyst cytology is needed to diagnose a duplication cyst and to rule out hypoechogenic malignancies of the mediastinum. Even though EUS-guided FNA of duplication cysts has been considered as safe [7] , there are a few case reports of infectious complications following FNA. Wildi et al. [8] presented a series of cases of 4 EUS-guided FNA for mediastinal lesions of which 1 patient developed severe sepsis due to mediastinitis. Diehl et al. [9] even reported a case of esophageal duplication cyst infection after diagnostic EUS-guided FNA despite prophylactic pre-and post-procedural administration of antibiotics. Another case report of mediastinitis caused by EUS-guided FNA of a bronchogenic cyst misdiagnosed for a lymph node metastasis was reported by Annema et al. [10] . We here report a case series of all patients at our institution undergoing EUS evaluation for suspected mediastinal duplication cysts ( n = 5). In 1 out of 5 patients, we abstained from EUS-guided FNA since the EUS appearance of the lesion was judged as accurate for a duplication cyst. In the other 4 patients with suspected mediastinal duplication cysts, we did perform EUS-guided FNA in order to rule out malignancy. In 3 out of 4 patients, a duplication cyst (1 bronchogenic, 2 esophageal) was confirmed. The fourth lesion turned out to be a sarcoma. All 4 patients developed severe FNA-induced cyst infection causing mediastinitis and the need for surgical debridement. Despite an immediate review of the FNA by the on-site cytopathologist with establishing the diagnosis of a duplication cyst, peri-interventional broad-spectrum antibiotics could not prevent severe infections of the cyst.
Patients and Methods
All patients provided written consent for the endoscopy as well as research with their medical data. Over the last 15 years, 5 patients with suspected or finally proven mediastinal duplication cysts were evaluated at our institution. In 1 patient, the EUS features were suggestive for a duplication cyst and no FNA was performed. In the other 4 cases, despite atypical EUS appearance for duplication cysts, EUS-guided FNA was performed in order to rule out malignancy. Up to 800 EUS including approximately 150 FNA are conducted each year at our institution. The procedures were all performed by 2 experienced endoscopists and/or under their direct supervision. Patients underwent first esophagogastroduodenoscopy and then EUS followed by FNA under EUS guidance during 1 intervention. Either a 19-or a 22-gauge needle was used for the FNA. Our on-site cytopathologist immediately reviewed the cytology (rapid on-site evaluation, ROSE). If the specimen was not diagnostic after the first pass, a second FNA was performed. The procedures were all conducted under conscious sedation. The characteristics of the 5 cases are listed in Table 1 . CT and EUS images of the 5 patients are shown in Figure 1 . Figure 2 shows how delicate the differentiation of a layered duplication cyst wall and the wall of a neoplasia may be.
Results and Case Presentations
Over the last 15 years, 5 patients with suspected or proven mediastinal duplication cysts were evaluated at our institution and included in this case series. In 1 patient (case 1), EUS-guided FNA was not necessary due to classical EUS appearance of the lesion of a duplication cyst. The mediastinal lesion of the other 4 patients (cases 2-5) did not feature typical EUS features for duplication cysts, wherefore we did perform EUS-guided FNA in order to rule out malignancy. In 3 out of 4 patients, a duplication cyst (1 bronchogenic, 2 esophageal) was ultimately confirmed by FNA (cases 2, 3, and 5). The fourth lesion turned out to be a sarcoma (case 4). All 4 patients developed severe FNA-induced infection causing mediastinitis and the need for surgical debridement. Despite an immediate ROSE of the FNA sample by our cytopathologist with establishing the diagnosis of a duplication cyst, periinterventional initiation of broad-spectrum antibiotics administration could not prevent severe infections of lesions.
Case 1
Seven months after incidental detection of a mediastinal cystic lesion on a CT scan, the 46-year-old female patient was evaluated due to progressing dysphagia and globus sensation. After initial conservative observation, the patient was transferred to our institution due to a rapidly increasing cyst size. Upon EUS evaluation, the cystic lesion measured 40 × 33 mm and was adherent to the 
Case 2
CT scan was performed in a 72-year-old female patient due to persistent opacity on the chest radiograph after treatment of pneumonia. Unfortunately, the elsewhere performed CT scan did not allow further classification of the 50 × 40 mm measuring mediastinal mass. Extrinsic esophageal compression was detected upon esophagogastroduodenoscopy even though the patient did not suffer from dysphagia. EUS displayed a solitary, partially echogenic mass adherent to the esophagus without evidence of wall layers. Even though a duplication cyst was possible among several other differential diagnoses, we decided to perform EUS-guided FNA in order to rule out malignancy after procedural administration of intravenous antibiotics (tazobactam/piperacillin). The ROSE report proved the presence of foam cells. Therefore, prophylactic post-procedural antibiotics (ciprofloxacin) were then prescribed for 7 days. The definitive cytology confirmed the suspected presence of cystic lesion without dysplasia. One week later, the patient was re-admitted due to the new appearance of dysphagia and thoracic pain along with elevated inflammation markers in the blood work. The diagnosis of a superinfected esophageal duplication cyst after diagnostic FNA was made and surgical resection of the cyst was conducted. Unfortunately, leakage of the esophageal suture occurred and placement of a self-expandable metallic stent and surgical empyema evacuation had to be executed. Microbiological cultivation of empyema samples showed growth of Bacillus cereus and Klebsiella pneumonia and antimicrobial treatment was adjusted according to cumulative antibiogram. A chronic esophageal fistula developed and several selfexpandable metallic stent changes and the placement of an over-the-scope clip (OTSC ® , Ovesco Tübingen, Germany) were needed before the patient recovered fully. The histology of the resected specimen revealed a cyst lined by ciliated epithelium and parts of smooth muscle and cartilage confirming the diagnosis of a bronchogenic cyst.
Case 3
A 60-year-old female patient underwent radiologic imaging for weight loss, loss of appetite, and persistent coughing. She was diagnosed with a mediastinal mass. In order to rule out malignancy, surgical thoracoscopy and biopsy were performed under prophylactic broad-spectrum antibiotic treatment. Histopathological processing revealed Hodgkin's disease. Furthermore, the patient developed mediastinitis due to the mediastinoscopy despite antibiotic prophylaxis. Multiple surgical debridements were needed before the infection was cured. Approximately 2 years later, a new metabolically active mediastinal lesion was found upon 18 F-FDG PET/CT surveillance. Due to the lack of a layered wall and the echogenic content of the lesion, EUS-guided FNA was performed to exclude recurrent Hodgkin's disease. Prophylactic broadspectrum antimicrobial therapy (amoxicillin/clavulanate) was prescribed for 2 weeks. ROSE only confirmed parts of a cystic lesion including foam cells and cell detritus without dysplasia. Unfortunately, the patient again developed infection of the newly diagnosed bronchogenic cyst and robot-assisted resection and debridement were conducted before the patient recovered fully. Histological analysis of the resected lesion featured a cyst lined with a ciliated epithelium including a florid inflammation reaction consistent with a bronchogenic cyst.
Case 4
A 71-year-old male patient was diagnosed with a mediastinal mass due to new productive coughing. On the initial CT scan, a bronchogenic cyst was suspected, but due to abnormal thickening of the wall, endobronchial ultrasound-guided FNA was performed to rule out bronchogenic carcinoma. Cytopathological analysis revealed a mitotic active neoplasia, but immunohistochemical staining failed to further differentiate the tumor, wherefore additional diagnostics were indicated. After detection of a 7 × 7 cm solitary, mixed echogenic lesion without classical wall layers (see also Fig. 2 ) and no adherence to the esophagus, we performed EUS-guided FNA after procedural administration of intravenous broad-spectrum antibiotics (tazobactam/piperacillin). ROSE was only able to diagnose acute, abscess-forming inflammation. The patient developed fever (38.8 ° C) shortly after the intervention, wherefore continuous broad-spectrum antibiotic treatment for 7 days was initiated (amoxicillin/clavulanate). Upon suspected superinfection, the mass was removed surgically and a retrocardiac vacuum-assisted closure system was placed. Histopathological analysis of the surgical specimen revealed a sarcoma of follicular dendritic cells. No tumor metastasis or recurrence was noted in the follow-up.
Case 5
In the search for malignancy due to generalized erythroderma, an intramural esophageal lesion was detected in a 58-year-old male patient on CT imaging. Due to the progression in size of the suspected leiomyoma, EUS was performed and revealed a hypoechogenic, submucosal lesion lacking a layered wall (see also Fig. 2 ) . To rule out a radiographically suspected leiomyoma or gastrointestinal stromal tumor, EUS-guided FNA was performed and broad-spectrum antibiotics (tazobactam/piperacillin) was administered during the procedure and once postprocedural. ROSE revealed cylinders of acellular mucus suggesting a mucin-producing lesion. Five days later, superinfection of the lesion was noted and pus drained into the esophageal lumen. Cultivation of blood cultures showed growth of pansensitive Streptococcus anginosus and S. mitis/oralis . Continued antimicrobial treatment consisting of tazobactam/piperacillin was not able to contain the diffuse spreading of the infection. After rupture of the abscess into the esophageal wall, total esophagectomy with creation of a cervical esophagostomy became necessary to control the infection. Apart from extensive inflammation reaction, the removed surgical specimen featured a ciliated epithelium-lined cyst including a smooth muscle wall and calcifications consistent with an esophageal duplication cyst.
Discussion
Classic transsectional imaging modalities such as CT and MRI have limited accuracy to diagnose foregut and bronchogenic duplication cysts. For instance, CT imaging was reported to misclassify such mediastinal cysts for other soft tissue lesions in up to 43% due to the cyst attenuation variation ranging from water to soft tissue [11] . The authors concluded that MRI might improve the diagnostic accuracy by showing a clearly increased signal intensity within the cysts on T2-weighted images [11] . Eloubeidi et al. [12] elaborated in their study that CT and MRI failed to diagnose duplication cysts in up to 30%.
The European Society of Gastrointestinal Endoscopy state in their guideline paper published in Endoscopy [13] that EUS-guided FNA of cystic lesion in the mediastinum bears the potential risk of life-threatening mediastinitis and therefore refuse the FNA of simple mediastinal cysts. However, the guidelines state that EUS-guided FNA plays a role to rule out malignancy in atypical or complex cysts. In such cases, antibiotic prophylaxis should be given. Due to the fact that duplication cysts may contain high amounts of protein or calcium that are echogenic on EUS, instead of being hypoechogenic like classic cystic lesion, even the diagnostic uncertainty of EUS may be significant. Therefore, in order to provide a definitive diagnosis of a newly detected mediastinal mass, FNA has to be considered to exclude a hypoechogenic malignancy. Yet, the extension of the diagnostic pathway by EUS-guided FNA transforms the classical EUS into a complication-prone procedure. The American Society for Gastrointestinal Endoscopy indeed acknowledges the infection risk caused by EUS-guided FNA of cysts in general and recommends prophylactic and short post-procedural antibiotic treatment. Yet, the authors do not provide any recommendation on whether or not FNA shall be performed in the further evaluation process of complex or atypical medias- tinal cysts [14] . Interestingly, EUS-guided FNA of pancreatic cysts seems safer and less prone to cause cyst infection than in the mediastinum [15] .
Eloubeidi et al. [12] suggested searching for detached ciliary tufts in the cyst fluid upon cytological review in order to diagnose a duplication cyst. In their study, EUS and EUS-guided FNA was shown to correctly diagnose those 30% of mediastinal masses priorly misdiagnosed by CT and MRI [12] . Ultimately, plain EUS struggles with the same limitations as other modern imaging modalities in order to establish an accurate assessment in the presence of semi-liquid cyst filling.
Once the diagnosis of a symptomatic mediastinal duplication cyst is established, surgery remains the treatment of choice. To date it is still controversial whether or not asymptomatic cysts should be resected. Supporters of that paradigm advocate that asymptomatic cysts will either become symptomatic in the future in approximately 70% [16] , or regular follow-up imaging is warranted indefinitely in order to prevent malignant transformation [17, 18] . Furthermore, definitive diagnosis might only be established upon histopathological review of surgical specimen. Even though Cioffi et al. [19] presented a series of 26 patients who underwent surgical resection of a bronchogenic or esophageal duplication cyst without detection of postoperative morbidity, the risk of postsurgical morbidity and mortality cannot be neglected.
Although Fazel et al. [7] reported no infectious complications in 22 patients undergoing EUS-guided FNA of mediastinal cysts, we have treated 4 patients for lifethreatening, infectious complications after diagnostic EUS-guided FNA of unclear mediastinal masses since the introduction of EUS-guided FNA at our institution 15 years ago. Three of the lesions turned out to be duplication cysts, whilst 1 was a mediastinal sarcoma of follicular dendritic cells. All 3 of the duplication cysts did not display classic cystic features in the EUS, wherefore further diagnostic information was sought by FNA to exclude a solid, malignant process. In retrospect, especially the echogenic content led to the false diagnosis and consecutively to the conduction of an FNA. The post-procedural infections occurred despite the administration of preand/or post-procedural antibiotics and the use of a smaller 22-gauge needle in 3 cases. This complication rate of 100% (4 out of 4 FNA of suspected mediastinal duplication cysts ever performed at our institution) stands in sheer contrast to the lack of complication (0 out of a few hundred) reported for EUS-guided FNA of mediastinal lymph nodes [20] . One could hypothesize that the protein-rich content of a duplication cyst is an excellent nutrient medium for bacteria originating from the human oropharyngeal tract.
We conclude that in order to accurately diagnose a duplication cyst upon imaging only, it is crucial to clearly identify a layered cyst wall in at least one imaging modality before performing EUS. Furthermore, we believe that severe infection after EUS-guided FNA in mediastinal cysts is more frequent than thought so far. Even procedural and/or post-procedural administration of antibiotics did not allow infection prevention in our study. Possibly, the inorganic mucoid cyst content renders the bacteria inaccessible to antimicrobial agents. Despite the limited study design of our retrospective case series lacking a uniform administration of antibiotic prophylaxis, we aim to sensitize other colleagues for our observed risk of severe complications when dealing with mediastinal duplication cysts. A prospective study design would be very desirable, but given the rare incidence of the entity, reaching sufficient power might be challenging.
Conclusion
Given the potentially high rate of infectious complications, we advocate a very restrictive indication for diagnostic FNA in mediastinal masses if a duplication cyst is suspected. Yet, in unclear cases, FNA might be indispensable despite the potential adverse events in order to rule out hypoechogenic, mediastinal malignancy.
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